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METHOD - MEASUREMENT OF FORMALDEHYDE EM SSI ONS FROM
NATURAL GAS- FI RED STATI ONARY SOURCES - ACETYL ACETONE

DERI VI TI ZATI ON METHOD
Condi ti onal Test Method 37 (CTM 037)
I ntroduction
This met hod describes the sanpling and anal ysi s
procedures of the acetyl acetone colorinetric nethod for
measuri ng formal dehyde em ssions in the exhaust of natural
gas-fired, stationary conbustion sources. This nethod, which
was prepared by the Gas Research Institute (GRlI), is based
on the Chilled Inpinger Train Method for Methanol, Acetone,

Acet al dehyde, Methyl Ethyl Ketone, and Fornmal dehyde

(Technical Bulletin No. 684) devel oped and published by the

Nati onal Council of the Paper Industry for Air and Stream

| mprovenment, Inc. (NCASI).! However, this method has been

prepared specifically for formal dehyde and does not include

specifications (e.g., equipment and supplies) and procedures

(e.g., sanmpling and analytical) for nethanol, acetone,

acet al dehyde, and nethyl ethyl ketone. To obtain reliable

results, persons using this nethod should have a thorough

knowl edge of at |east Methods 1, 2, 3, and 4 of Part 60,

Appendi x A.

1.0 Scope and Application

1.1 Analytes. The only analyte nmeasured by this nmethod

is formal dehyde (CAS Nunber 50-00-0).
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1.2 Applicability. This method is for analyzing
f or mal dehyde em ssions fromuncontroll ed and controll ed
natural gas-fired, stationary conbustion sources.

1.3 Data Quality Objectives. |If you adhere to the
quality control and quality assurance requirements of this
met hod, then you and future users of your data will be able
to assess the quality of the data you obtain and estinmate
the uncertainty in the measurenents.

2.0 Summary of Method

An eni ssion sanple fromthe combusti on exhaust is drawn
t hrough a m dget inpinger train containing chilled reagent
water to absorb fornmal dehyde. The fornal dehyde
concentration in the inpinger is determ ned by reaction with
acetyl acetone to forma colored derivative which is
measured colorinmetrically.

3.0 Definitions [ Reserved]
4.0 Interferences

The presence of acetal dehyde, am nes, polyners of
f ormal dehyde, periodate, and sulfites can cause
interferences with the acetyl acetone procedure which is
used to determ ne the formal dehyde concentrati on. However,
based on experience gained from extensive testing of natura

gas-fired conmbustion sources using FTIR to nmeasure a variety
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of conpounds, GRI expects only acetal dehyde to be
potentially present when conmbusting natural gas.
Acet al dehyde has been reported to be a significant
interferent only when present at concentrations above
50 ppm 4 However, GRI reports that the concentrati on of
acet al dehyde from gas-fired sources is very low (typically
bel ow the FTIR detection limt of around 0.5 ppmv);
therefore, the potential positive bias due to acetal dehyde
interference is expected to be negligible.
5.0 Safety

5.1 Prior to applying the nmethod in the field, a site-
specific Health and Safety Plan should be prepared. General
safety precautions include the use of steel-toed boots,
safety gl asses, hard hats, and work gloves. 1In certain
cases, facility policy may require the use of fire-resistant
clothing while on-site. Since the nethod involves testing
at high-tenperature sanpling | ocations, precautions nust be
taken to limt the potential for exposure to high-
t enperature gases and surfaces while inserting or renpving
the sanple probe. In warmlocations, precautions nust also
be taken to avoi d dehydration.

5.2 Potential chem cal hazards associated with

sanmpling include formal dehyde, nitrogen oxides (NQ), and
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carbon nonoxide (CO). Formalin solution, used for field
spi king, is an aqueous sol ution containing fornmal dehyde and
met hanol . Formal dehyde is a skin, eye, and respiratory
irritant and a carcinogen, and shoul d be handl ed
accordingly. Eye and skin contact and inhal ation of

f or mal dehyde vapors shoul d be avoi ded.

Natural gas-fired conmbusti on sources can potentially
emt CO at toxic concentrations. Care should be taken to
m nimze exposure to the sanple gas while inserting or
renmoving the sanple probe. If the work area is encl osed,
personal CO nonitors should be used to insure that the
concentration of COin the work area is maintained at safe
| evel s.

5.3 Potential chem cal hazards associated with the
anal yti cal procedures include acetyl acetone and gl aci al
acetic acid. Acetyl acetone is an irritant to the skin and
respiratory system as well as being noderately toxic.

G acial acetic acid is highly corrosive and is an irritant
to the skin, eyes, and respiratory system Eye and skin
contact and inhal ation of vapors should be avoi ded. Acetyl
acetone and glacial acetic acid have flash points of 41°C
(105.8°F) and 43°C (109.4°F), respectively. Exposure to

heat or flame should be avoi ded.



6.0 Equi pment and Supplies

6.1 Sanpling Probe. Quartz glass probe with stainless
steel sheath or stainless steel probe.

6.2 Teflon Tubing. Teflon tubing to connect the
sanpl e probe to the inpinger train. A heated sanple line is
not needed since the sanple transfer systemis rinsed to
recover condensed formal dehyde and the rinsate conbined with
t he i nmpinger contents prior to sanple anal ysis.

6.3 Mdget Inpingers. Three mdget inpingers are
required for sanple collection. The first inpinger serves
as a noisture knockout, the second inpinger contains 20 nL
of reagent water , and the third inpinger contains silica
gel to renove residual noisture fromthe sanple prior to the
dry gas neter.

6.4 Vacuum Punp. Vacuum punp capabl e of delivering a
controlled extraction flow rate between 0.2 and 0.4 L/ mn.

6.5 Flow Measurenment Device. A rotaneter or other
fl ow neasurenment device to indicate consistent sanple flow.

6.6 Dry Gas Meter. A dry gas neter is used to nmeasure
the total sanple volume collected. The dry gas neter nust
be sufficiently accurate to measure the sample volume to
within 2 percent, calibrated at the selected flow rate and

conditions actually encountered during sampling, and
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equipped with a temperature sensor (dial thermometer, or
equivalent) capable of measuring temperature accurately to
within 3 °C (6.4 °F).

6.7 Spectrophotometer. A spectrophotonmeter is
required for formal dehyde anal ysis, and nust be capabl e of
measuri ng absorbance at 412 nm
7.0 Reagents and Standards

7.1 Sanpling Reagents.

7.1.1 Reagent water . Deionized, distilled, organic-
free water. This water is used as the capture solution, for
rinsing the sanple probe, sanple line, and inpingers at the
conpletion of the sanpling run, in reagent dilutions, and in
bl anks.

7.1.2 lce. lce is necessary to pack around the
i npingers during sanmpling in order to keep the inpingers
cold. 1Ice is also needed for sanple transport and storage.

7.2 Analysis.

7.1 Acetyl acetone Reagent. Prepare the acetyl
acetone reagent by dissolving 15.4 g of anmmonium acetate in
50 nL of reagent water in a 100-nmL volunetric flask. To
this solution, add 0.20 nL of acetyl acetone and 0.30 nL of
gl acial acetic acid. Mx the solution thoroughly, then

dilute to 100 nL with reagent water . The solution can be



7

stored in a brown glass bottle in the refrigerator, and is
stable for at |east two weeks.

7.2 Formal dehyde. Reagent grade.

7.3 Ammoni um Acet at e.

7.4 dacial Acetic Acid.

8.0 Sanple Collection, Preservation, Storage, and Transport

8.1 Pre-test.

8.1.1 Collect information about the site
characteristics such as exhaust pipe dianeter, gas flow
rates, port |ocation, access to ports, and safety
requirements during a pre-test site survey. You should then
deci de the sanple collection period per run and the target
sanple flow rate based on your best estinmate of the
formal dehyde concentration likely to be present. You want to
assure that sufficient formal dehyde is captured in the
i npi nger solution so that it can be nmeasured precisely by
t he spectrophotometer. You may use Eq 323-1 to design your
test program As a guideline for optinmm performance, if
you can, design your test so that the |liquid concentration
(C)is approximately 10 tines the assuned spectrophot oneter
detection limt of 0.2 ppnmw. However since actual detection

l[imts are intrument specific, we al so suggest that you
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confirmthat the | aboratory equi pment can neet or exceed
this detection [imt.

8.1.2 Prepare and then wei gh the m dget i npingers
prior to configuring the sanpling train. The first inpinger
is initially dry. The second inpinger contains 20 niL of
reagent water , and the third inpinger contains silica gel
that is added before weighing the inpinger. Each prepared
i npi nger i s weighed and the pre-sanpling weight is recorded
to the nearest 0.5 gm

8.1.3 Assenble the sanpling train (see Figure 1). Ice
i s packed around the inpingers in order to keep themcold
during sanple collection. A small amount of water may be
added to the ice to inprove thermal transfer.

8.1.4 Performa sanpling system | eak-check (fromthe
probe tip to the punp outlet) as follows: Connect a
rotaneter to the outlet of the punp. Close off the inlet to
t he probe and observe the |eak rate. The |eak rate nust be
| ess than 2 percent of the planned sanpling rate of 0.2 or
0.4 L/ mn.

8.1.5 Source gas tenperature and static pressure
shoul d al so be considered prior to field sanpling to ensure
adequate safety precautions during sanpling.

8.2 Sanple Collection.
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8.2.1 Set the sanple flow rate between 0.2 — 0.4

L/ m n, depending upon the anticipated concentration of
formal dehyde in the engi ne exhaust. (You may have to refer
to published data®>® for anticipated concentration |evels.)
If no information is available for the anticipated | evels of
f or mal dehyde, use the higher sanpling rate of 0.4 L/ mn.
8.2.2 Record the sanpling flow rate every 5-10 m nutes
during the sanple collection period.
8.2.3 Monitor the amount of ice surrounding the
i npi ngers and add ice as necessary to nmmintain the proper
i mpi nger tenperature. Renobve excess water as needed to
mai nt ai n an adequat e anount of ice.
8.2.4 Record neasured | eak rate, beginning and endi ng
times and dry gas neter readings for each sanpling run
i npi nger wei ghts before and after sanpling, and sanpling
flow rates and dry gas neter exhaust tenperature every 5-10
m nutes during the run, in a signed and dated notebook.
8.2.6 If possible, nonitor and record the fuel flow
rate to the engine and the exhaust oxygen concentration
during the sanpling period. This data can be used to
estimte the engi ne exhaust flow rate based on the Method 19
approach. This approach, if accurate fuel flow rates can be

determined, is preferred for reciprocating |IC engine
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exhaust flow rate estimati on due to the pul sating nature of
t he engi ne exhaust. The F-Factor procedures described in

Met hod 19 may be used based on neasurenent of fuel flow rate
and exhaust oxygen concentration. One exanple equation is Eq
323- 2.

8.3 Post-test. Performa sanmpling system | eak-check
(fromthe probe tip to punp outlet). Connect a rotaneter to
the outlet of the punp. Close off the inlet to the probe and
observe the leak rate. The |eak rate nust be | ess than 2
percent of the sanpling rate. Wigh and record each
i npinger imediately after sanpling to determ ne the
moi sture wei ght gain. The inpinger weights are neasured
before transferring the inpinger contents, and before
rinsing the sanple probe and sanple line. The noisture
content of the exhaust gas is determ ned by measuring the
wei ght gain of the inpinger solutions and vol unme of gas
sanpl ed as described in Method 4.

Ri nse the sanple probe and sanple line with reagent
water. Transfer the inpinger catch to an anber 40-nmL VOA
bottle with a Teflon-lined cap. |If there is a small anpunt
of liquid in the dropout inpinger (<10 mL), the inpinger
catches can be conbined in one 40 nL VOA bottle. If there

is a larger amount of liquid in the dropout inpinger, use a
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| arger VOA bottle to conbine the inpinger catches. Rinse
the inmpingers and conbine the rinsate fromthe sanple probe,
sanple line, and inpingers with the inpinger catch. In
general, conbined rinse volumes should not exceed 10 m..
The volunme of the rinses during sanple recovery should not
be excessive as this may result in your having to use a
| arger VOA bottle. This in turn would raise the detection
limt of the nmethod since after conbining the rinses with
t he i npi nger catches in the VOA bottle, the bottle should be
filled with reagent water to elimnate the headspace in the
sanple vial. Keep the sanple bottles over ice until
anal yzed on-site or received at the | aboratory. Sanples
shoul d be anal yzed as soon as possible to mnim ze possible
sanpl e degradation. Based on a |limted nunber of previous
anal yses, sanples held in refrigerated conditions showed
sonme sanpl e degradation over tine.

8.4 Quality Control Sanples.

8.4.1 Field Duplicates. During at |east one run, a
pair of sanples should be collected concurrently and
anal yzed as separate sanples. Results of the field
dupl i cate sanples should be identified and reported with the
sanple results. The percent difference in exhaust (stack)

concentration indicated by field duplicates should be within
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20% of their mean concentration. Data are to be flagged as
suspect if the duplicates do not neet the acceptance
criteri a.

8.4.2 Spiked Sanples. An aliquot of one sanple from
each source sanple set should be spiked at 2 to 3 tines the
formal dehyde | evel found in the unspiked sanple. It is also
recommended that a second aliquot of the sanme sanple be
spi ked at around half the level of the first spike; however,
the second spike is not mandatory. The results are
acceptable if the neasured spike recovery is 80 to 120% Use
Equation 323-4. Data are to be flagged as suspect if the
spi ke recovery do not neet the acceptance criteria.

8.4.3 Field Blank. A field blank consisting of
reagent water placed in a clean inpinger train, taken to the
test site but not sanpled, then recovered and analyzed in
t he sanme manner as the other sanples, should be collected
with each set of source sanples. The field blank results
shoul d be I ess than 50% of the | owest calibration standard
used in the sanple analysis. |If this criteria is not net,

the data should be flagged as suspect.



9.0 Qality Control
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Qv QC Acceptance Frequency Corrective Action
Speci fication Criteria
Leak- check <2% of Pre- and Pre-sanpli ng:

Sanpling rate

Post - sanpl i ng

Repair | eak

Secti ons and recheck
8.1.4, 8.3 Post -
sanpl i ng:
Fl ag data and
repeat run if
for
regul atory
conpl i ance
Sampl e fl ow Bet ween 0. 2 t hr oughout Adj ust
rate and 0.4 L/mn |sanpling
VOA vi al No headspace |[after sanple Fl ag dat a
headspace recovery
Sanmpl e mai ntai n on after sanple Fl ag data
preservation i ce recovery
Sanpl e hol d 14 day after sanple Fl ag dat a
tinme maxi mum recovery
Field Wthin 20% of |1 duplicate Fl ag dat a
Dupl i cat es mean of per source
original and |sanple set
Section 8.4.1 |duplicate
sanpl e
Spi ked Sanpl e | Recovery 1 spi ke per Fl ag dat a
bet ween 80 source sanpl e
Section 8.4.2 |and 120% set
Fi el d Bl ank <50% of the 1 bl ank per Fl ag dat a
| owest source sanpl e
Section 8.4.3 |calibration set
st andard
Cal i bration Correl ati on Per source Repeat
Li nearity coefficient sanpl e set cal i bration

Section 10.1

of 0.99 or
hi gher

procedur es

Cali bration
Check
St andar d

Section 10.3

Wthin 10% of
t heoreti cal
val ue

1 calibration
check per
source sanpl e
set

Repeat check,
remake
st andard and
repeat,
r epeat
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calibration

Lab Wthin 10% of |1 duplicate Fl ag dat a
Dupl i cat es mean of per 10
original and |sanples
Section duplicate
11.2.1 sanpl e
anal ysi s
Anal yti cal <50% of the 1 bl ank per Cl ean
Bl anks | owest source sampl e | gl asswar e/
calibration set anal yti cal
Section st andard equi pment and
11.2.2 repeat .

10.0 Calibration and Standardi zati on

10. 1
solution of 10 ppm formal dehyde.

cali bration standards fromthe stock solution by adding O,

0.1,

(corresponding to O,
f or mal dehyde,
each vial’s volunme to 2.0 mL with reagent water

of acetyl

0.3, 0.7,

Spect r ophot onet er

1.0,

respectively) to screw capped vial s.

acetone reagent,

pl ace the vials in a water

for 10 m nutes.
t enper at ur e.
measure the absorbance at 412 nm using the
spect rophot onet er .
anal yti cal

criteria for the spectrophotoneter

Tr ansf er

results of these standards.

1.0, 3.0,

bat h (or

Cali bration.

7.0, 10.0,

Renmove the vials and allow to cool

Prepare a stock

Prepare a series of

and 1.5 nL of stock solution

and 15.0 :g

Adj ust

t horoughly m x the sol ution,

heati ng bl ock) at 60°C

each solution to a cuvette and

Devel op a calibration curve fromthe

The acceptance

calibration is a

Add 2.0 nL

to room
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correlation coefficient of 0.99 or higher. |If this criteria
is not net, the calibration procedures should be repeated.
10.2 Spectrophotonmeter Zero. The spectrophotoneter
shoul d be zeroed with reagent water when anal yzi ng each set
of sanpl es.
10.3 Calibration Checks. Calibration checks
consi sting of analyzing a standard separate fromthe
cal i bration standards nust be perfornmed with each set of
sanples. The calibration check standard should not be
prepared fromthe calibration stock solution. The result of

t he check standard nmust be within 10 percent of the

t heoretical value to be acceptable. |If the acceptance
criteria are not nmet, the standard nust be reanalyzed. |If
still unacceptable, a new calibration curve nust be prepared

using freshly prepared standards.
11.0 Analytical Procedure

11.1 Sanple Analysis. A 2.0-nmL aliquot of the
i mpi nger catch/rinsate is transferred to a screw capped
vial. Two nL of the acetyl acetone reagent are added and
the solution is thoroughly m xed. Once m xed, the vial is
pl aced in a water bath (or heating block) at 60°C for 10
m nutes. Renove the vial and allow to cool to room
tenperature. Transfer the solution to a cuvette and neasure

t he absorbance using the spectrophotoneter at 412 nm The
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quantity of formal dehyde present is determ ned by conparing
the sanple response to the calibration curve. Use Equation
323-5. If the sanple response is out of the calibration
range, the sanple nust be diluted and reanal yzed. Such

di lutions nust be perfornmed on another aliquot of the
original sanple before the addition of the acetyl acetone
reagent. The full procedure is repeated with the dil uted
sanpl e.

11.2 Analytical Quality Control.

11.2.1 Laboratory Duplicates. Two aliquots of one
sanple from each source sanple set should be prepared and
analyzed (wwth a mninmum of 1 pair of aliquots for every 10
sanples). The percent difference between aliquot analysis
should be within 10 percent of their nean. Use Equation 323-
3. Data are flagged if the | aboratory duplicates do not
meet this criteria.

11. 2.2 Analytical blanks. Blank sanples (reagent
wat er) should be incorporated into each sanple set to
eval uate the possi bl e presence of any cross-contam nation.
The acceptance criteria for the analytical blank is |ess
t han 50 percent of the |lowest calibration standard. |If the
anal ytical blank does not neet this criteria, the
gl asswar e/ anal yti cal equi prment shoul d be cleaned and the

anal yti cal bl ank repeated.



17

12.0 Calcul ations and Data Anal ysis

12.1 Nonencl at ure:

A = measured absorbance of 2 nL ali quot
B = estimated sanpling rate, | pm
C = target concentration in liquid, ppmw

esti mted stack fornmal dehyde
concentration (ppnv)

E = estimated liquid volume, normally 40, nL
(the size of the VOA used)

Ciom= formal dehyde concentration in gas
stream ppmvd

Ciomaswe = [ Or mal dehyde concentration in gas
stream corrected to 15% oxygen, ppnmvd

C,, = neasured concentration of fornmaldehyde
in the spiked aliquot

C,= neasured concentration of fornmaldehyde
in the unspi ked aliquot of the same sanple
Cs = cal cul ated concentration of fornmal dehyde
spi king solution added to the spiked aliquot
df = dilution factor, 1 unless dilution of

t he sanple was needed to reduce the
absorbance into the calibration range

F,= dry basis F-factor from Method 19, dscf

per mllion btu
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GCV,= Gross calorific value (or higher
heating val ue), btu per scf

K. =spectrophotonmeter calibration factor,

sl ope of the | east square regression line
(Note: Most spreadsheets are capabl e of
calculating a | east squares line.)

K, = 0.3855 °K/mm Hg for metric units,(17.65
°R/in_.Hg for English units.)

MW = nol ecul ar wei ght, 30 g/g-nole, for

f or mal dehyde

24.05 = nole specific volunme constant, liters
per g-nole

m = mass of formal dehyde in |iquid sanple,

ng

P.s = Standard pressure, 760 mm Hg (29.92
in_HQ)

Pwar = Barometric pressure, mm Hg (in.HQ)
PD = Percent Difference

Q = exhaust flow rate, dscf per mnute
Q,= natural gas fuel flow rate, scf per

m nut e

T, = Average DGM absolute temperature, °K
(°R) -

Tsw = Standard absolute temperature, 293 °K
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(528 °R).
t = sanple time (m nutes)
V, = Dry gas volume as measured by the DGM,
dcm (dcf).
Visty= Dry gas volume measured by the DGM,
corrected to standard conditions, dscm
(dscf).
V, = actual total volume of inpinger

catch/rinsate, nL

V, = volunme (2.0) of aliquot analyzed, nL
X, = first value
X, = second val ue

O, = oxygen concentrati on nmeasured, percent
by vol une, dry basis

%R = percent recovery of spike

Z,= volunme fraction of unspi ked (native)
sanpl e contained in the final spiked aliquot
[e.g. Vu/(Vu + Vs), where Vu + Vs should =
2.0 nL ]

Z,= volunme fraction of spike solution
contained in the final spiked aliquot [e.q.
Vs/ (Vu + Vs)]

R = 0.02405 dscm per g-mole, for netric

units
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Y = Dry Gas Meter calibration factor

12. 2 Pretest design

C =i Eq323-1

12. 3 Exhaust flow rate

F a0 6V, 20.9
108 (20.9- 0,

Q= ] Eq. 323-2

12. 4 Percent Difference (Applicable to field and | ab

dupl i cat es)

_ (X1- X2)
PD = *100 Eq 323-3

1+ X2
2

12.5 Percent Recovery of Spike

%R= S0 2100 Eq. 323-4

12. 3 Mass of fornmal dehyde in liquid sanple
m= KAF (%) Eq. 323-5
12. 4 Dry Sample Gas Volume, Corrected to Standard

Conditions.
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v . VaYTuRY
I(FH}_ (TmP‘ﬂ)

Eq. 323-6
K1 Y vn P\-

12. 5 For mal dehyde concentration in gas stream

-_R & 5
Cform - MW (Vn'(Std))glooomgﬂ@X 10 pPMg Eq 323-6

12. 6 Formal dehyde concentration, corrected to 15 %

oxygen.

e -209- 15 £q 3237

Crorma@ansvee = Cror 209- O

13.0 Method Performance

13.1 Precision. Based on a Method 301 validation
using quad train arrangenent with post sanpling spiking
study of the nethod at a natural gas-fired |IC engine, the
relative standard deviation of 6 pairs of unspi ked sanpl es
was 11.2 percent at a nean stack gas concentration of 16.7
ppmvd.

13.2 Bias. No bias correction is allowed. The single
Met hod 301 validation study of the nmethod at a natural gas-

fired 1C engine, indicated a bias correction factor of 0.91
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for that set of data. An earlier spiking study got simlar
aver age percent spike recovery when spiking into a bl ank
sanple. This data set is too limted to justify using a bias
correction factor for future tests at other sources.

13.3 Range. The range of this nmethod for forml dehyde
is 0.2 to 7.5 ppmw in the liquid phase. (This corresponds to
a range of 0.27 to 10 ppnv in the engine exhaust if sanpling
at a rate of 0.4 Lpmfor 60 m nutes and using a 40 nL VOA
bottle.) If the liquid sanple concentration is above this
range, performthe appropriate dilution for accurate
measurenment. Any dilutions nust be taken from new aliquots
of the original sanple before reanal ysis.

13.4 Sanple Stability. Based on a sanple stability
study conducted in conjunction with the method validation,
sanpl e degradation for 7 and 14-day hold tinmes does not
exceed 2.3 and 4.6 percent, respectively, based on a 95
percent |evel of confidence. Therefore, the recomended
maxi mum sanpl e holding tinme for the un-derivatized inpinger
catch/rinsate is 14 days, where projected sanple degradation
is below 5 percent.

14.0 Pollution Prevention
Sanpl e gas fromthe conmbustion source exhaust is vented

to the atnosphere after passing through the chilled inpinger
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sanpling train. Reagent sol utions and sanples should be
coll ected for disposal as aqueous waste.
15.0 Waste Managenent

St andards of formal dehyde and the anal ytical reagents
shoul d be handl ed according to the Material Safety Data
Sheet s.
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Figure 323-1. Chilled Inmpinger Train Sanmpling System



